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Introduction:

The rate of water loss by sweating is a good index of heat stress and of the
rate of dehydration, however direct measurements of this water loss from
pilots or other workers in many aerospace environments is impractical or
impossible, since the subject must be weighed, repeatedly, in the nude.
In these situations an indirect measure of whole body sweating rate would
be desirable.

Tam et al. (1976) used hygrometric measurements of sweating rate |
within sweat collection capsules at five locations on the body to predict
the actual sweating rate from the whole body. The predicted value which
they called mean sweating rate (MSR) was calculated by weighting the local
sweating rates (LSR) with the corresponding skin area factors. They reported
a correlation coefficient (r) between actual whole body sweating rates (WBSR)
and MSR of 0.74, or a r2 (coefficient of determination) of 0.55. This means
that 45% of the variation in WBSR was not accounted for by variations in MSR,
and ‘therefore WBSR could not be predicted with high accuracy from MSR. The
equations which they derived (relating WBSR to MSR) from data on 22 subjects
(11 male and 11 female) are applicable to subjects who are resting in a 25f5%

relative humidity environment with a slow air movement and who are dressed in
swim suits.

Sweat collection capsules equipped with hygrometric sensors have tubing
leading to and from them and hard wires run between the sensors & recording
equipment. This arrangement of tubes, hard wires and recorders is impractical
to use in a cockpit or under chemical protective clothing. The technique of
using filter paper within sweat collection capsules to measure LSRs involves
less instrumentation, is less expensive and is easier to use then the hydro-
metric method, but its accuracy has not been previously documented.

This investigation was undertaken :

1) to Qse sweat collection capsules containing filter paper (rather
than hydrometric sensors),

2) to measure sweating rates during exercise as well as rest and

3) to access the accuracy of estimating WBSR directly from LSRs
(rather than computing an MSR from LSRs).




Methods:

One hundred and eighty measurements of WBSR and LSRs were performed
on 10 male subjects (age range: 18-28 years, mean: 22.7; height range:
161.3 - 190.5 cm, mean: 177.2; weight range: 61-80 kg, mean: 70.9; surtace
area range: 1.71 - 2.01, mean: 1.83; (see Table 1 for measurements on
each subject).

The sweat collection capsules used have two parts (Figure 1), a metal
ring, flanged on one side, and a metal cap which fits snuggly into the ring.
The flanged surface of the ring is covered with a rubber gasket and is held
in place against the skin surface by an elastic band (like a watch is held
on the wrist). The ring (4.38 cm diam.) houses one or more filter paper
discs (4.25 cm diam). An O-ring on the periphery of the metal cap seals
off the capsule cavity from the atmosphere.

Sweat was collected in capsules strapped on five Tocations of the body:
i) midforehead, 2) superiorflexor side of the right forearm, 3) left pectoralis
major 4) medial midsection of the left thigh and 5) upper medial side of left
calf.

The following procedures were employed in the measurement of sweating
rate during rest and exercise. Within a few hours of the sweat measurements,
filter paper discs were sealed into 35 mm film vials (these plastic containers
form a water vapor tight seal) and the containers were weighed to the nearest
0.1 mg. The elastic bands attached to the metal rings of the sweat collection
capsules were wetted and the 5 rings and their elastic bands were weighed
together (mean wt = 120g). Then the 5 rings were strapped on the five locations
of the body. The subject was then asked to dry off thoroughly with a towel,
to remove his swim trunks and to step onto the scale. All body weights were
recorded to the nearest 5 g. The subject then sat in a chair while each
plastic container was opened a few seconds before its filter paper contents
were removed by tweezers and placed on the skin within each ring. The rings
were then immediately capped.

Two filter paper discs were placed in the forehead and chest capsules
and one disc in the other 3 capsules since the sweating rates on the forehead
and chest are usually significantly greater than in the other 3 locations.
14.73 min (the average time during the measurement taken at rest) after the
filter papers had been sealed in the forehead capsule, the capsule
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——— CAPSULE RING
(Houses Filter Paper)

4 Figure 1. Sweat collection capsule, 4.38 cm diameter,
15.067 cm? area within the capsule ring.
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TABLE 1 ;
Subject Height Weight Surface Area1 Age
(cm) (kg) (m2)
1 177.8 79 1.94 20
2 190.5 80 2.0 24 |
3 161.3 68 1.72 18
4 177.8 61 1.7 22
5 176.5 68 1.80 28
6 177.8 72 1.84 24
7 174.0 65 1.73 18
8 175.3 n 1.82 26
9 165.1 65 1.75 24
10 182.9 80 1.95 23
Mean 177.17 70.9 1.83
(+SD) (+ 7.29) (+6.81) (+.12)

1Estimated from the nomogram by Sendroy and Collison (1960)
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was uncapped. The filter paper discs were used to quickly soak up beads of
sweat on the skin along the inside periphery of the ring and on the backside
of the capsule cap and then were returned to their original vial; the vial
was immediately capped. This same procedure was then used on the other four
capsules, going from chest to forearm to thigh to calf. After all of the
filter papers had been removed from the capsules the subject was asked to dry
off thoroughly, remove his trunks and he was then reweighed. The vials con-
taining the filter paper discs were reweighed within one hour of the termin-
ation of the 3 consecutive sweating trials. The rings and elastic bands of
the sweat capsules were reweighed and any change in weight from the initial
weighing was divided equally among the 3 trials. A gain in the weight of
the straps during a trial was added to the change in the subject's body wt.
during that trial and a loss was subtracted.

The mean time interval between the pre and post-weighing of subjects
averaged 18.3f 1.67 min and 14.2 M 1.56 min for measurements made at rest
and during exercise, respectively. Table 2 shows mean time intervals of

other activities which occurred within the period between weighings of the
subjects.

Nine measurements (3 per week for 3 weeks) of WBSR and LSRs were made
on each subject while he rested on a lounge chair in an environmental chamber
at a mean (f SD) air temperature of 39.4 ! 0.8 and a mean (f SD) RH of 58.4
! 5.8%. The subject's legs were resting on the chair parallel to the floor
and the upper half of his body was elevated 20°. Each subject entered the
chamber approximately 30 minutes before the measurements of sweating rates
were begun. Sweat was visible on the skin of all subjects after the 30
minutes.

Three measurements of WBSR and LSRs were made on each subject during
a week of preliminary studies that preceded the above 3 weeks. During these
preliminary studies, my assistant, Scott Straker, and I perfected our
techniques of weighing subjects and of quickly moving filter papers in and
out of sweat capsules, while the subjects became acquainted with the pro-
cedures and the hot environment.

Nine measurements (3 per week for 3 weeks) of WBSR and LSRs were also
made on each subject while they ran on a treadmill at a work output of
60% VO2 max. The mean (t SD) air temperature and mean (f SD) RH during these

-
-




TABLE 2

¢ A >
le—B —cle D - |}

A = mean time between weighings of the subject
= 18.3 ! 1.87 min at rest
= 14,2 M i.56 min during exercise
B = mean time between weighing the subject and placing
filter paper in the first capsule (forehead)
= 1.77 ¥ 0.73 min

C = mean time interval between sealing the first
and the fifth capsule (calf)
= 0.83 ¥ 0.16 min

D = mean time the filter papers are absorbing sweat
within the capsules
= 14.73 min at rest

= 10.63 min during exercise

E = mean time between removing the filter paper

from the fifth capsule and weighing the subject
+ .

0.97 - .55 min

1
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measurements were 35.5 = 1.5%C and 33.2 ! 4.3%, respectively. Subjects
"warmed up" for 10 minutes on the treadmill before sweating rate measure-
ments were begun..

Preceding the nine sweating rate measurements during exercise, Vozs of
each subject were measured at maximal and submaximal workloads with a
Beckman Metabolic Cart and the treadmill speed and elevation which produced
a 60% of maximal workload were recorded for each subject (Table 3).

A statistical computing system called MINITAB was used to compute
maximums, minimums, and averages; to do regression analysis and plot data
and to perform arithmetic computations and manipulations on the original
data. The following approach was used in the data analysis:

1. Data were analyzed for each subject separately and then were combined
for all subjects and reanalyzed.

2. Data collected during rest was analyzed separately from that taken
during exercise. The two data sets were then combined and reanalyzed.

3. Using multiple regression analysis WBSR (g/min * m2 and g/min) was
regressed against all five LSRs (g/min).

4. Using simple linear regression analysis WBSR was regressed separately,
against the LSRs from each of the 5 body locations, i.e., 5 regressions
were performed. This was done for sweating rates expressed in two
different units of measure.

a. WBSR (g/min) vs. LSR (g/min) and
b. WBSR (g/min/m%) vs. LSR (g/min)

5. The following 4 equations, which weight the LSRs with the corresponding
skin area factors (Tam et al., 1976) were used to estimate WBSR. The
estimate was compared with the measured WBSR.

.11 LSR forehead + 0.29 LSR chest
0.14 LSR forearm + 0.22 LSR thigh
0.24 LSR calf

(1) WBSR 0
+
+
0.32 LSR chest + 0.16 LSR forearm
+
0
+
0

E

(2) WBSRE
0.25 LSR thigh + 0.27 LSR calf
.39 LSR chest + 0.29 LSR thigh
0.32 LSR calf

.57 LSR chest + 0. 3 LSR thigh

(3) HBSRE

E

(4) WBSR
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TABLE 3
Treadmi1ll

Subject V02 Max 60% VO2 Max Speed Elevation

(ml/kg/min) (m1/kg/min) (mph) (degrees)
1 54.0 32.4 3.0 11.5
2 58.0 34.8 3.0 11.0
3 40.6 24.4 3.0 9.0
4 60.0 36.0 3.0 1.0
5 57.7 34.6 3.0 10.0
6 51.2 30.7 3.0 11.0
7 54.6 32.8 3.0 10.0
8 58.6 35.2 3.0 14.0
9 58.6 35.2 3.0 14.0
10 54.2 32.5 3.0 12.5

1Treadmil] settings which produced a 60% VO2 max for each subject
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b
? The coefficient of determination (r2) was computed for ail regressions
and correlations. r2 is a measure of how much the total variability in

Y (e.g. WBSR) is accounted for by regressing Y on X (e.g. LSR). An rl of

90 means that 90% of the variation in the Ys about the mean of Y is
explained by the regression. In other words, changes in Y are highly
correlated with changes in X and therefore X is a good predictor of Y.

Recults

The data from 7 of the 180 trials were not included in the following
analyses. During these 7 trials, one or more filter papers either became
totally saturated and were unab]é to absorb all of the sweat in the capsule
or fell from the capsule onto the floor or against the subject's wet skin.
The WBSRs and LSRs measured during rest and exercise for the other 173 trials
are presented (in g/min and g/min - m2) in Appendix Tables 1 through 4.

Among all subjects the WBSR during rest averaged 4.3147g/min’ m2 and
ranged from 2.3717 to 6.2557 g/min ° m2 (Table 4). During exercise the
mean WBSR ranged from 6.5337 to 9.8G57 g/min ° m2 among subjects and averaged
7.6062 g/min - m2 (Table 5). The overall mean WBSR during exercise was 76%
greater than that during rest.

During rest and exercise the mean LSRs were greatest on the forehead and
least on the thigh. During rest the mean LSRs decreased from chest to calf
to forearm, and during exercise they decreased from chest to forehead to calf.
Mean sweating rates on the forehead, forearm and calf were 30%, 49.6% and
9.9% greater during exercise than during rest, respectively. In contrast,
the mean sweating rates were 5.5% and 9.9% less on the chest and calf,
respectively, during exercise.

The LSR from any one of the five locations was a poor predictor of WBSR.
The ability to predict WBSR was much improved when the sweating rates from
_ all five locations were used together in a multiple regression model (Table 6).
‘} Multiple regression analysis of the data collected when the subjects were at
' rest produced an r2 > 90 for 5 subjects (#2, 4, 5, 7 and 9). In 2 subjects
' (#3 and 8) the rzs were less than 25. 1In the other 3 subjects r2 ranged from
¢ 57.8 to 77.8. Multiple regression analysis of the data taken during exercise

produced an r% > 90 for 5 subjects (#3, 4, 6, 9 and 10), an rZ of 57.1 tor |

2 subjects (#2 and 5) and the rzs of the other 3 subjects ranged from 72.4 -
87.6.
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TABLE 4

SWEATING RATES (g/min ° m°, DURING REST

LOCAL (LSR) Whole
Body
Subject Forehead Chest Forearm Thigh Calf (WBSR)
MAX 6.4379 2.6548 5.4424 1.9247 4.9114
1 MIN 3.2521 0.4646 . 9955 .9955 1.5929
AVE 4.5353 1.1725 2.2050 1.5044 3.3038 2.3717
MAX 22.3000 8.5618 6.7034 2.2566 10.2870
2 MIN 6.9025 1.6593 1.6593 1.6593 2.7212
AVE 12.455 4.0855 3.3406 1.9469 5.5161 4.8279
MAX 16.7920 2.9203 5.1769 1.7256 2.5884
3 MIN 7.1680 .9292 1.4601 L7301 1.1283
AVE 10.5620 2.0280 2.9055 1.3200 2.0280 2.3517
MAX 40.6190 32.5880 13.2080 10.9510 5.7742
4 MIN 7.5662 2.7875 2.5884 2.1238 3.8495
AVE 22.5660 17.4040 7.5662 4.6975 4.8450 6.0946
MAX 26.747 28.8710 12.7430 8.0972 10.8180
5 MIN 5.5751 1.8584 2.8539 1.4601 2.5221
AVE 17.5720 15.5890 8.2714 4,.6127 6.7615 6.2557
MAX 12.6100 4.1150 2.6548 1.9911 3.7831
6 MIN 2.0575 1.4601 1.6593 1.1947 1.7920
AVE 5.6857 2.5811 2.0943 1.5413 2.5737 2.5911
MAX 18.8490 29.7340 6.3052 2.5221 7.1016
7 MIN 10.7520 5.2432 2.0575 1.3274 3.3185
AVE ‘ 14.8596 12.0204 3.4586 1.9616 5.3538 4.1027
2 MAX 7.7653 11.748 3.5840 4.5132 5.2432
X 8 MIN 2.5221 .6637 . 7964 1.6593 .7964
p | AVE 4.2643 4.5049 2.4059 3.1692 3.3102 3.3767
{
f MAX 6.9025 17.654 8.8272 6.9025 9.8892
: 9 MIN 3.5840 4.1150 3.8495 2.1238 6.3715
i AVE 5.4258 8.0308 5.7327 4.477 7.8483 5.9179
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Table 4 (Cont).
Whole
Body
Subject Forehead Chest Forearm Thigh Calf (WBSR)
MAX 29.269 26.216 8.8936 2.7875 11.217
10 MIN 9.0927 5.5751 4.0486 1.5929 3.9158
AVE 18.997 14.933 6.3715 2.2345 7.1237 5.7391
ANl MAX 40.619 32.588 13.208 10.951 11.217
Subjects MIN 2.0575 .4646 . 7964 L7301 . 7964
Combined AVE 11.7841 8.1956 4.3995 2.6998 4.8282 4.3147




TABLE 5

SWEATING RATES (g/min m?),DURING EXERCISE
LOCAL (LSR)

Subject Forehead Chest Forearm Thigh Calf (WBSR)
MAX 23.893 14.933 10.951 3.0530 8.4954
1 MIN 5.3096 2.9203 3.6504 1.4601 3.4513
AVE 10.5860 6.6121 7.6824 2.0741 6.4213 7.5995
MAX 25.818 10.420 6.9025 4.3141 7.1016
2 MIN 6.9689 4.6459 3.7167 1.7256 4.1150
AVE 13.6428 7.6178 5.2359 2.4188 5.6783 7.5957
MAX 26.083 4.3804 9.6901 2.9203 3.2521
3 MIN 18.185 3.2521 6.5043 1.3274 2.4557
AVE 21.6450 3.8163 8.1635 1.8335 2.8871 7.3439
MAX 43.008 24.358 13.274 4.3804 8.1635
4 MIN 4.8450 2.3893 2.9867 1.2610 2.4557
AVE 24.681 11.6646 5.8438 2.8124 5.5585 9.8057
|
MAX 23.163 25.685 16.858 3.7831 6.9025
5 MIN 11.681 7.1016 6.9689 1.8584 4.9114
AVE 17.0276 13.9230 10.8552 2.8023 5.7521 8.0873
MAX 24.955 5.9733 3.8495 2.3230 4.1150
6 MIN 9.8892 2.5884 2.0575 1.3938 1.9911
AVE 16.3437 3.8577 2.8539 1.7920 3.1941 6.5337
MAX 25.884 15.663 8.6989 2.2566 6.3715
7 MIN 4.6459 2.5221 2.4557 .6637 2.4557
AVE 16. 0690 §.8272 5.2506 1.5339 4.8597 6.6855
MAX 24.0920 12.4780 6.2388 2.4557 6.7698
é MIN 2.8539 1.4601 1.7256 .9291 2.9867
: AVE 10.4570 7.6547 4.3952 1.6519 5.0515 7.4218
i
. MAX 10.8850 7.6989 12.6770 3.5840 10.9510
; 9 MIN 2.2566 2.1902 3.0530 0.9292 4.314|
! AVE 6.6665 5.0146 7.0057 1.9174 7.433% 7.9686

> .
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Table 5 Cont.
Whole
Body
Subject Forehead Chest Forearm Thigh Calf (WBSR)
MAX 31.0610 15.7300 7.1016 2.0575 7.1016
10 MIN 10.4200 4.3804 4.3804 1.0619 4.9114
AVE 17.3890 7.9423 5.6636 1.4749 5.8553 7.1153
All MAX 43.0080 25.6850 16.8580 4.3804 10.9510
Subjects  MIN 2.2566 1.4601 1.7256 .6637 1.9911
Combined AVE 15.3176 7.749N 6.5815 2.0266 5.3042 7.6062
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TABLE 6
(%] -
'g Coefficient of Determination (Rg),from
z
a Simple linear regression analysis of Multiple
> total body sweating rate (g/min regression
& vs. each local sweating rate (g/min) analysis using
R — all 5 LSRs
Subject . Forehead Chest Forearm Thigh Calf together
9 st 7.7 0.1 2.2 27.7 35.2 67.6
1 8 EX 45.6 10.9 49.7 3.3 57.7 72.4
RST+EX 57.4 47.9 74.5 37.6 68.1 77.4
9 RST 38.5 50.5 60.0 5.4 25.3 97.0
2 9 EX 19.6 15.0 11.2 0.0 12.7 57.1
RST+EX 21.3 47.4 43.1 5.3 0.0 55.4
9 RST 0.9 7.4 16.1 5.4 0.2 21.3
3 8 EX 10.2 26.6 38.5 11.5 2.6 94.7 ;
RST+EX 73.8 74.0 86.4 23.3 50.9 92.2 :
9 RST 3.7 6.1 31.1 9.7 15.1 91.3
4 8 EX 88.4 74.0 71.6 78.0 76.3 99.2
RST+EX 36.9 1.3 48.6 1.5 58.6 80.6
8 RST 61.2 89.9 79.9 70.9 89.9 98.6
5 9 EX 21.3 33.3 19.5 31.1 13.9 57.1
RST+EX 30.2 43.9 45.7 12.6 26.6 59.0
9 RST 35.3 4.6 1.4 23.7 0.8 57.8
| 6 8 EX 0.8 1.0 1.8 0.4 8.9 95.3
> RST+EX 43.1 22.4 29.7 7.0 18.8 50.7
3 9 RST 40.8 72.3 73.0 37.5 35.3 93.7
5 7 9 EX 60.1 60.3 54.5 52.9 57.9 73.3
ﬂ RST+EX 40.2 6.4 62.5 -0.2 14.4 58.1
8  RST 1.3 1.9 2.9 12.7 1.0 14.2
! 8 9 EX 56.2 58.5 69.6 67.8 84.4 87.6
i RSTH+EX 59.3 37.8 65.3 13.5 59.2 82.6
j
A &  RST 29.1 5.5 10.4 54.7 69.2 92.2
/ 9 9 EX 60.0 60.3 40.4 30.3 54.1 96.7
’ RST+EX 57.0 2.4 38.9 0.0 38.1 7.0

LR P : * -
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é Table 6 (Cont)
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Subject * Forehead Chest Forearm Thigh Calf
9 RST 4.0 23.7 44.4 1.4 24.5 77.8
10 9 EX 24.2 5.3 2.5 0.2 26.0 90.7
RST+EX 4.7 0.3 4.4 4.4 4.5 29.6
All 87 RST 27.2 38.5 59.5 23.5 49.4 70.3
Subjects 86 EX 25.5 27.4 23.4 23.2 28.7 46.1
Combined RSTHEX 27.5 18.1 43.1 4.2 30.5 53.1
ATl 87 RST 29.5* 42.2* 63.8* 27.4* 47.0* 71.5*
Subjects 86 EX 29.9* 29.6* 28.0* 25.2% 26.7* 47.9%
Combined RST+EX 55.1%

*WBSR expressed in q/min ° m2

1 RST = Rest; Ex = Exercise
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The multiple regression equations derived from the combined data from
all subjects were not as good of a predictor of WBSR as were some of the
multiple regression equations derived for individuals. The r2 for data
measured during rest (expressed as g/min for both LSR and WBSR) was 70.3
and during exercise was 46.1. When the LSR and WBSR were expressed as
g/min and g/min - mz, respectively, the r2 was 71.5 and 47.9 for the rest and

exercise, respectively.

The multiple regression coefficients within the multiple regression
equations for the combined subject data are shown in Table 7, as well as
the multiple regression coefficients for individual subjects which provided
a good prediction of WBSR (r2 > 90).

The values of wBSRE computed from Equations (1) thru (4) were in general,
T A poorly correlated with the measured values of WBSR. The r2 computed when
comparing measured WBSR with wBSRE predicted from equation (1) fusing resting
LSRs combined for all subjects] is 53.9 and is 42.6 when using exercise LSRs

(Table 8).

Discussion and Conclusions

The methods and equipment used in this research had several limitations:

1. The capsule didn't fit snuggly against the mid-forehead in a few subjects

because of the curvature of their cranium. In these subjects the forehead
capsule was positioned on the periphery of the forehead which sometimes in-
cluded some hair within the capsule cavity. On a few occasions when it was
particularly difficult to fit the capsule snuggly against the forehead, I
wondered if sweat might be seaping into the capsule through small gaps
between the skin and the rubber gasket of the capsule.

2. Occasionally the capsules on the thigh or chest slipped downward a few
centimeters during exercise, creating another measurement and data inter-
pretation problem. In contrast the capsules always fit tightly and remain
in place on the forearm and calf.

3. Sometimes when sweating rates were high the filter papers appeared to
be saturated with water when removed from the capsule and small beads of
sweat remained within the capsule. Two 4.25 cm disks of filter paper, on
the average, can hold 0.6361 g of H,0 and one disk can hold 0.2892 g.

2
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TABLE 7
Multiply regression coefficients :
Whole body sweat ratel = b, + by LSR; + LSR,
+by LSR, + b, LSR, + by LSR,
Subject Y-intercept Forehead Chest Forearm Thigh Calf

By by b, by by by

2 RST 20.0 414 435 586 4243 702

3 EX 8.77 44.1 644 1028 710 2752

‘ 3 RST4EX 2.02 76.4 264 1076 2505 698
4 RST .792 155 69 97 528 1501

_ 4 EX 4.89 670 489 1869 78.1 2405
= 5 RST 4.90 134 357 21.8 768 648

]

| 6 EX 75.8 132 15316 -18610 -38563 5828

7 RST -.705 108 58.1 746 - 1029 694

ﬁ 9 RST -.951 35.7 75.8 476 120 1183
9 EX 9.85 840 543 3832 1935 4850

10 EX 20.0 340 1880 2431 -28860 667

Al RST 2.44 19.4 2.61 583. 244 401
Subjects EX 4.13 133 41.5 129 668 679
Combined  RST+EX 3.35 90.7 39.4 495, 483 496

A1 RST 1.34* 10.3* 5.56* 323 * 101* 186* ﬁ

Subjects Ex 2.27* 77.2% 22.8 * 21.3* 330* 3N*
Combined  RST+EX 1.81* 51.7* 21.2 * 299 * 244* 227

1

- WBSR & LSR in g/min
* WBSR in g/min " m

2
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TABLE 8

Coefficient of Determination (Rz),
Using Equation

Subject (1) (2) (3) (4)
! RST 17.3 17.4 23.9 5.5
EX 37,9 28,6  22.9 10.6
2 ST 25.1 17.9 9.2 48.7
EX 21.8 17.6 1900 19.8
3 RST 5.3 8.7 4.5 7.2
EX 6.5  12.3 1.2 3.9
4 RST 0.2 7.2 6.0 1.9
EX 8.9 775 77.3 75.8

5 RST 86.4 89.2 9.0  88.2 |

EX 3.4 3201 32,7 33.8 i

i

6 RST 17.8 0.4 0.3 1.3 «
EX 1.7 2.3 2.4 0.5
7 RST 78.6 75.1 72.6 73.0
EX 62.3  61.6  60.9 59.9
8 RST 3.3 4.0 3.9 3.7
EX 7002 686  61.7  60.1
9 RST  39.2  39.5 35.9 20.4
EX 55.0  53.6 58.0  58.2

10 RST  29.6  40.2  36.1 23.5 :
EX 26.1 7.9 7.9 4.7
A RST  53.9 54.6 50.9  43.8
Subjects EX 42,6  37.0  35.5  31.2

Combined
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4. There were also limitations in measuring WBSR. Sometimes subjects were
a little wiggly while being weighed, making it difficult to balance the scale.
The effect that this might have had on the accuracy of weighing is unknown.

5. It was difficult to keep the subject dry ("towelled off") when he was
on the scale for weighing. The subject dried off thoroughly before stepping
onto the scale, but the sweat secreted while he stood on the scale (about

15 to 25 sec.) was not blotted off his skin.

6. The time of the weighings were recorded to the nearest whole minute,
thus all time intervals between weighings were recorded as integers (in
minutes). In contrast, the time interval between placement and removal of
filter paper from the capsules was recorded to the nearest second.

In spite of the limitations of the method and of this evaluation of
its accuracy, LSRs can be used to predict WBSR in some subjects with fairly
good accuracy (i.e., r2 > 90). LSRs were a good predictor of WBSR in 5
subjects at rest and 5 subjects during exercise. Two subjects (#4 and 9)
were both in the former and latter groups. These two subjects had higher
than average VIBSRs. Subject 4 had the highest mean WBSR during rest and
the 2nd highest during exercise. Subject 9 had the 3rd highest mean WBSR
during rest and exercise. WBSR and LSRs from any one location were not
well correlated. Tam et al. (1976) also reported that no particular local
sweating rate was found to be representative of the MSR in all the 22 subjects.

The functional relationship between WBSR and LSR differed among all 10
subjects and the accuracy of predicting WBSR from LSRs decreased when the
sweating rate data from all subjects were combined in a regression analysis.
This is undoubtedly due to individual variations of sweating pattern within
the population.

Equations (1) thru (4) are poor predictors of WBSR. Tam et al. (1976)
reported an r2 of 56 (see their Fig. 1) when correlating WBSR and MSR (computed

from Equation (i)). This agrees quite well with the r2 of 53.9 which 1

found when making the same kind of comparison for resting subjects.

e ok
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APPENDIX TABLE 2

Sweating Rates (g/min ~ mz) At Rest

Local (LSR) Whole
Forearm Thigh Calf (WBSR)
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Sweating Rates (g/min * m2) At Rest
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APPENDIX TABLE 3

Sweating Rates (g/min) During Exercise
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APPENDIX TABLE 3 (Continued)

Sweating Rates (g/min) During Exercise

Local (LSR) Body
Subject Forehead Chest Forearm Thigh Calf (WBSR)
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APPENDIX TABLE 4

Sweating Rates (g/min

During Exercise
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APPENDIX TABLE 4 (Continued)

Sweating Rates (g/min

. m2) During Exercise

Local (LSR}
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